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. , $m_{f}(>0)$ .
$v_{0}\in[0, \infty)$ , ,
. , $v_{0}$
$m_{s}(>0)$ . , $v_{0}$
, - . - $L(>0)$
. $v_{0}$
. $v_{0}$ .














$k_{f} \{\int_{0}^{vo}m_{s}dH(v)+\int_{vo}^{\infty}(m_{u}+L)dH(v)\}=k_{f}\{m_{s}H(v_{0})+(m_{u}+L)\overline{H}(v_{0})\}$ . (2)














$I$ ; $\min_{0\leq vo\leq\infty}E_{C}(v_{0})$ , (6)
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II; $\min_{0\leq vo\leq\infty}C(v_{0})$ . (7)
.
I , $q_{1}(v_{0})$ .




, H( $e(v)$ 1 .
2.1: $q_{1}(\infty)<0$ $q_{1}(0)>0$ , 1




2.2: (1) $H(v)$ DHR (strictly decreasing hazard rate)
.
(i) $q_{1}(0)>0$ $q_{1}(\infty)<0$ , 1
$v_{0^{*}}(0<v_{0^{*}}<\infty)$ , .
$=e^{-1}( \frac{1}{k_{j}(m_{u}+L-m_{s})+c})$ . (10)
, $e^{-1}(\cdot)$ $e(\cdot)$ .
(ii) $q_{1}(0)\leq 0$ , $v_{0^{*}}=0$ . ,
, $E_{C}(0)=k_{f}(m_{u}+L)+c$
.
(iii) $q_{1}(\infty)\geq 0$ , $v_{0^{*}}arrow\infty$ . ,
, ,
$E_{C}(\infty)=m_{m}+k_{f}m_{s}$ .
(2) IHR (increasing hazard rate) . , $k_{f}(m_{u}+L)+c<$
$m_{m}+k_{j}m_{s}$ $v_{0^{*}}=0$ , $v_{0^{*}}arrow\infty$ . $\square$
,
.
23: $e(v)$ $v$ , $e$‘ $(v_{m})=0$ $v_{m}$
.
(1) $Ec(0)\geq E_{C}(v_{m})$ :
(i) $q_{1}(v_{m})>0$ $q_{1}(\infty)<0$ , (10) .
(ii) $q_{1}(v_{m})\leq 0$ , $v_{0^{*}}=v_{m}$ .
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(iii) $q_{1}(\infty)\geq 0$ , $v_{0^{*}}arrow\infty$ .
(2) $E_{C}(O)<E_{C}(v_{m})$ :
(i) $q_{1}(v_{m})>0$ $q_{1}(\infty)<0$ , $v_{0^{*}}=0$ (10)
.
(ii) $q_{1}(v_{m})\leq 0$ , $v_{0^{*}}=0$ .











24: $q_{2}(\infty)>0$ $q_{2}(0)<0$ ,
$v_{0}^{*}(0\leq v_{0}^{*}<\infty$
$0<v_{0^{*}}\leq\infty)$ . $\square$
25: (1) $H(v)$ DHR .





(ii) $q_{2}(0)\geq 0$ , $v_{0^{*}}=0$ ,
$C(0)= \frac{k_{f}(m_{u}+L)+c}{m_{f}+m_{u}+L}$ (13)
.




(2) IHR . , $\{k_{f}(m_{u}+L)+c\}\{m_{f}+m_{s}\}<\{m_{m}+$
$k_{f}m_{s}\}\{m_{f}+m_{u}$ $L\}$ $v_{0^{*}}=0$ , $v_{0^{*}}arrow\infty$ . $\square$
3. TTT
Barlow and Campo [1] , Bergman and Klefsj\"o [5] , TTT
(scaled TTT-transform) .
$\phi(p)\equiv\frac{1}{m_{m}}\int_{0}^{H^{-1}(p)}\overline{H}(v)dv$ , $0\leq p\leq 1$ . (15)
,
$H^{-1}(p)= \inf\{v :H(v)\geq p\}$ (16)
$H(v)$ p- (p-fractile) ,
$m_{m} \equiv\int_{0}^{\infty}\overline{H}(v)dv$ (17)
. TTT
( , Barlow [3], Shaked and Shanthikumar [14] ).




3.1: (1) 1 $E_{C}(v_{0})$ $v_{0^{*}}$
$\frac{k_{f}(m_{u}+L-m_{s})+c}{m_{m}}p-\phi(p)$ , $0\leq p\leq 1$ (18)
$P^{*}(0\leq p^{*}\leq 1)$ .
(2) $C(v_{0})$
$v_{0^{*}}$
$\frac{-\frac{[k_{f}(m_{8}-mf-cm_{8}}{[m_{sm}+p}+\phi(p)}{\frac{m_{f}+m_{u}+L-m_{u}-L]mu^{-L)-c]m}}{m_{\epsilon}-m_{u}-L}}$ , $0\leq p\leq 1$ (19)
$P^{*}(0\leq.p^{*}\leq 1)$ . $\square$
TTT , 22 25
. $p\in[0,1]$
$\phi(p)\in[0,1]$ $(x, y)=(p, \phi(p))$ . 3.1 , $E_{C}(v_{0})$
I $y=\{k_{f}(m_{u}+L-m_{s})+c\}p/m_{m}$ $y=\phi(p)$
$P^{*}$ , $v_{0^{*}}=H^{-1}(p^{*})$ .
II , $(x, y)=(p, \phi(p))$ $B=(x_{B}, yB)$ . ,
$(x_{B}, y B)\equiv(-\frac{m_{f}+m_{u}+L}{m_{s}-m_{u}-L},$ $\frac{[k_{f}\{m_{s}-m_{u}-L\}-c]m_{f}-cm_{s}}{[m_{s}-m_{u}-L]m_{m}})$ . (20)
84
, $B=(x_{B}, yB)$ $y=\phi(p)$ $p^{*}$ ,
$v0^{*}=H^{-1}(p^{*})$ .
Fig.1 Graphical Determination of Optimal Repair Limit Policy.
, II , $H(\cdot)$ DHR
(Fig.1 ). , $y=\phi(p)$
$\frac{d}{dp}\phi(p)=\frac{1}{m_{m}e(H^{-1}(p))}$ (21)
( , [1, p. 455]), $M=(p^{*}, \phi(p^{*}))$ $y=\varphi(p)$
$\varphi(p)=\frac{1}{m_{m}e(H^{-1}(p^{*})\backslash )}(p-p^{*})+\phi(p^{*})$ (22)
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$(x_{Z}, y z)\equiv(\frac{[k_{f}\{m_{s}-m_{u}-L\}-c]m_{f}-cm_{s}}{m_{s}-m_{u}-L}e(0),$ $\frac{[k_{f}\{m_{s}-m_{u}-L\}-c]m_{f}-cm_{s}}{[m_{s}-m_{u}-L]m_{m}})(24)$
. , $B$ $x$ $x_{B}$ $Z$ $x$ $x_{Z}$ , $q_{2}(0)<0$
, $q_{2}(0)\geq 0$ . , $U=(1,1)$
$p=- \frac{m_{f}+m_{u}+L}{m_{s}-m_{u}-L}$ (25)
$I=(x_{I}, yI)$
$(x_{I}, y I)\equiv(-\frac{m_{f}+m_{u}+L}{m_{s}-m_{u}-L},$ $1- \frac{m_{f}+m_{s}}{m_{s}-m_{u}-L}\cdot\frac{1}{m_{m}e(\infty)})$ (26)
. , $B$ $y$ $yB$ I $y$ $y_{I}$ , $q_{2}(\infty)>0$
, $q_{2}(\infty)\leq 0$ .
, 22 25
.
32: (1) I , $H(\cdot)$ TTT $\phi(p)$ $P$
.
(i) $O(0,0)$ $y=\phi(p)$ $\{k_{f}(m_{u}+L-m_{s})+c\}/m_{m}$
, $U(1,1)$ , $\phi’(p)=\{k_{f}(m_{u}+$
$L-m_{s})+c\}/m_{m}$ $p^{*}(0<p^{*}<1)$ ,
$v_{0^{*}}=H^{-1}(p^{*})$ .
(ii) $O$ $y=\phi(p)$ $\{k_{f}(m_{u}+L-m_{s})+c\}/m_{m}$
, $p^{*}=0(v_{0^{*}}=0)$ .
(iii) $U$ $y=\phi(p)$ $\{k_{f}(m_{u}+L-m_{s})+c\}/m_{m}$
, $p^{*}=1(v_{0^{*}}arrow\infty)$ .
(2) I , $H(\cdot)$ TTT $\phi(p)$ $p$
. $\{k_{f}(m_{u}+L-m_{s})+c\}/m_{m}\geq 1$ $p^{*}=1(v_{0^{*}}arrow\infty)$ ,
$p^{*}=0(v_{0^{*}}=0)$ . $\square$
33: (1) II , $H(\cdot)$ TTT $\phi(p)$ $p$
.
(i) $x_{B}>x_{Z}$ $yB>$ yi , (19) $p^{*}(0<p^{*}<1)$
, $P^{*}$ $B$ $y=\phi(p)$ $M(p, \phi(p))$ $x$
. , (12) .
(ii) $x_{B}\leq x_{Z}$ , $p^{*}=0(v_{0^{*}}=0)$ , (13)
.
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(iii) $yB\leq yI$ , $p^{*}=1(v_{0^{*}}arrow\infty)$ , (14)
.
(2) II , $H(\cdot)$ TTT $\phi(p)$ $p$








, $n$ $0=x_{0}-\leq x_{1}\leq x_{2}\leq\cdot\cdot-\leq x_{n}$
. , TTT
.
$T_{i} \equiv\sum_{j=1}^{i}(n-j+1)(x_{j}-x_{j-1})$ , $i=1,2,$ $\cdots,$ $n;T_{0}=0$ . (27)
TTT (scaled TTT-statistics) .
$u_{i} \equiv\frac{T_{i}}{T_{n}}$ , $i=0,1,2,$ $\cdots,$ $n$ . (28)
, (theoretical distribution) H( (empirical distribution)
$H_{n}(v)=\{\begin{array}{ll}\frac{i}{n} for x_{i}\leq v<x_{i+1}, i=0,1,2, \cdots, n-1,1for x_{n}\leq v \end{array}$ (29)
, $(i/n, u_{i}),$ $i=0,1,2,$ $\cdots,n$ , ,
TTT (scaled-TTT plot) .
3.1 ,
. I , $y=\{k_{f}(m_{u}+L-m_{s})+c\}_{Pi}/m_{m}$
$y=\phi(pi)=u_{i}$ $=i^{*}/n$ $x_{i^{s}}$




41: $n$ $0=x_{0}\leq x_{1}\leq x_{2}\leq\cdots\leq$
. , 1 #$\acute\grave$
$x_{i^{*}}$ .
$i^{*}= \{i|\max_{0\leq i\leq n}\frac{\{k_{f}(m_{u}+L-m_{s})+c\}}{m_{m}}\cdot\frac{i}{n}-u_{i}\}$. (30)
42: $n$ $0=x_{0}\leq x_{1}\leq x_{2}\leq\cdots\leq$
. ,
$x_{i^{*}}$ .
$i^{*}= \{i|\min_{0\leq i\leq n}\frac{u_{i}-y_{B}}{i/n-x_{B}}\}$ . (31)
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, $(x_{B}, yB)$ (20) .
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